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dinal axis . The lubricant aperture is defined in the bushing 
body along an angle relative to the longitudinal axis . The dry 
lubrication source is disposed in the lubricant aperture . A 
variable vane system includes a cylindrical case , a plurality 
of vanes projecting radially inward from the case , and a 
plurality of bushings . Each vane includes a respective vane 
stem operatively connecting an end of each vane to the case . 
Each bushing is disposed on one of the respective vane 
stems between the vane stem and the case . The respective 
vane stem is disposed within the main bushing bore and each 
bushing is slidingly engaged with the case . 

Int . Cl . 
F01D 25 / 18 ( 2006 . 01 ) 
FOID 9 / 04 ( 2006 . 01 ) 
FO1D 17 / 16 ( 2006 . 01 ) 
FO1D 25 / 16 ( 2006 . 01 ) 
U . S . CI . 
??? FOID 25 / 18 ( 2013 . 01 ) ; F010 9 / 041 

( 2013 . 01 ) ; FOID 17 / 162 ( 2013 . 01 ) ; FOID 
25 / 16 ( 2013 . 01 ) ; F05D 2220 / 32 ( 2013 . 01 ) ; 
F05D 2240 / 12 ( 2013 . 01 ) ; F05D 2240 / 50 

( 2013 . 01 ) ; F05D 2260 / 98 ( 2013 . 01 ) 
Field of Classification Search 
CPC . . . . . . . . FO1D 25 / 18 ; FO1D 9 / 041 ; FO1D 17 / 162 ; 

FO1D 25 / 16 ; FO1D 25 / 125 ; FO1D 25 / 166 ; 

( 52 ) 

( 58 ) 

14 Claims , 3 Drawing Sheets 

108 112 . 

Zazi 

Y 120 
410 



U . S . Patent Dec . 5 , 2017 Sheet 1 of 3 US 9 , 835 , 053 B2 

Fig . 1 
mene 

- - the 
- - 

TITLER nini I 
901 

901 
1024 , ????? 



U . S . Patent Dec . 5 , 2017 Sheet 2 of 3 US 9 , 835 , 053 B2 

Fig . 2 

Cooooooooooo 
@ ooos OOO000 Doobed 

V00000 
PAPATULTATS 

ORBIRREPIPPI INIMA 
ODBRADO90 ????????? 

1211 
OH 

104 
107 
105 PP24246 107 

104 1 

107 . 
W 

veo 



U . S . Patent DeC . 5 , 2017 Sheet 3 0f 3 US 9 , 835 , 053 B2 

2222 
7777777 / / 777 ! . \ 

Fin 3 ? ? 132 130 ? 12 _ 

/ 2 ???????? . ?? via Fig . 4 
161 376 & / & 

© ' 
e e e e ell ? 
? 

??? ? 

?? ? 

? & & & ? { 

? ? ? / L 

in 5 ?? 
| ? 



US 9 , 835 , 053 B2 
SELF - LUBRICATING BUSHINGS example epoxy , and / or polyimide , and / or graphite . The 

bushing body can also include a connecting bore extending 
CROSS - REFERENCE TO RELATED from an end surface of the bushing body in a longitudinal 

APPLICATION direction with respect to the longitudinal axis connecting 
5 together at least two of the lubricant apertures . 

This application claims the benefit of priority under 35 A variable vane system includes a cylindrical case and a 
U . S . C . $ 119 ( e ) to U . S . Provisional Application No . 61 / 943 , plurality of vanes . The plurality of vanes project radially 
089 , filed Feb . 21 , 2014 , which is incorporated herein by inward from the case . Each vane includes a respective vane 
reference in its entirety . stem operatively connecting an end of each vane to the case . 

A respective bushing , as described above , is disposed on 
BACKGROUND OF THE INVENTION each one of the respective vane stems between the vane stem 

and the case . The respective vane stems is disposed within 
1 . Field of the Invention the respective main bushing bore and each bushing is 
The present disclosure relates to bushings , and more slidingly engaged with the case . 

particularly to bushings such as in variable vane systems . 15 An inner diameter surface of each bushing can be press - fit 
2 . Description of Related Art around one of the respective vane stems . The plurality of 
Traditionally , a turbo fan engine for an aircraft includes bushings can be a plurality of primary bushings . The system 

multiple stages of variable vanes to condition and guide can also include a plurality of secondary bushings . Each 
airflow through the compressor and / or turbine sections . secondary bushing can have an outer diameter surface 
Variable vanes are configured to be pivoted about their vane 20 operatively connected to the case and an inner diameter 
axis in order to optimize airflow characteristics for various surface slidingly engaged with an outer diameter of one of 
operating conditions . the primary bushings . The outer diameter surface of each 

It is known that variable vanes can be connected to a secondary bushing can be press - fit within a respective one of 
synchronization ring ( sync ring ) , each by a respective vane a plurality of cavities within the case . Both the primary and 
arm connected to the stem of the vane . The sync ring can 25 secondary bushing bodies can include materials similar to 
drive each vane counter - clockwise and / or clockwise around those described above with respect to the bushing body . 
its respective longitudinal axis in order to set the optimal These and other features of the systems and methods of 
vane stage angle for a particular operating condition . Each the subject disclosure will become more readily apparent to 
vane stem is surrounded by a respective bushing and each those skilled in the art from the following detailed descrip 
bushing is operatively connected to a cylindrical case . The 30 tion of the preferred embodiments taken in conjunction with 
vane stems rub against the bushing inner surface and can the drawings . 
cause wear at the interface . Material degradation , engine 
vibration and bearing stress can further induce bearing wear , BRIEF DESCRIPTION OF THE DRAWINGS 
such as surface galling , erosion , fretting , and the like . 
Eventually , the bearing wear can necessitate maintenance 35 So that those skilled in the art to which the subject 
and / or replacement of worn components . disclosure appertains will readily understand how to make 
Such conventional methods and systems have generally and use the devices and methods of the subject disclosure 

been considered satisfactory for their intended purpose . without undue experimentation , preferred embodiments 
However , there is still a need in the art for bushings that thereof will be described in detail herein below with refer 
allow for improved durability and wear resistance . The 40 ence to certain figures , wherein : 
present disclosure provides a solution for these problems . FIG . 1 is a schematic cross - sectional side elevation view 

of an exemplary embodiment of a gas turbine engine con 
SUMMARY OF THE INVENTION structed in accordance with the present disclosure ; 

FIG . 2 is a schematic partial perspective view of a portion 
A bushing includes a cylindrical bushing body with a 45 of the gas turbine engine shown in FIG . 1 , showing the 

lubricant aperture and a dry lubrication source . The bushing engine case surrounding the compressor ; 
defines a main bushing bore therethrough along a longitu - FIG . 3 is a is cross - sectional view of a portion of the 
dinal axis . The lubricant aperture is defined in the bushing variable vane system of the gas turbine engine shown in 
body along an angle relative to the longitudinal axis . The dry FIG . 1 , showing the engine case , a vane , the vane stem and 
lubrication source is disposed in the lubricant aperture . 50 bushings ; 

It is contemplated that the lubricant aperture can be FIG . 4 is an exploded perspective view of an exemplary 
disposed on an outer diameter surface of the bushing body . embodiment of primary and secondary bushings constructed 
The lubricant aperture can extend radially inward from the in accordance with the present disclosure , showing the 
outer diameter surface along an aperture axis , wherein the lubricant apertures ; and 
aperture axis is normal to the outer diameter surface of the 55 FIG . 5 is an enlarged cross - sectional view of the primary 
bushing body . The lubricant aperture can extend from an bushing of FIG . 5 , showing the lubricant apertures with a dry 
outer diameter surface of the bushing body and into the main lubricant source disposed therein . 
bushing bore . It is contemplated that the lubricant aperture 
can be cylindrical . DETAILED DESCRIPTION OF THE 

In addition , the bushing body can include at least one 60 PREFERRED EMBODIMENTS 
additional lubricant aperture . Each additional lubricant aper 
ture can be similar to the lubricant aperture described above . Reference will now be made to the drawings wherein like 
The lubricant apertures can be arranged in a geometric array reference numerals identify similar structural features or 
on the bushing body , such as a staggered geometric array . aspects of the subject disclosure . For purposes of explana 
The bushing body can include a metallic material , such as 65 tion and illustration , and not limitation , a cross - sectional 
nickel , cobalt and / or any other suitable high strength mate - view of an exemplary embodiment of a gas turbine engine 
rial . The dry lubrication source can include a polymer , for constructed in accordance with the disclosure is shown in 
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FIG . 1 and is designated generally by reference character body 116 toward inner diameter surface 123 , but stop 
100 . Other embodiments of gas turbine engines constructed therebetween in the bushing body 116 and not reach inner 
in accordance with the disclosure , or aspects thereof , are diameter surface 123 . 
provided in FIGS . 2 - 4 , as will be described . With reference now to FIGS . 3 and 4 , bushings 108 are 

As shown in FIG . 1 , a variable vane system 102 includes 5 primary bushings . The system also includes a plurality of 
a cylindrical case 104 and a plurality of vanes 106 . Variable secondary bushings 124 . Each secondary bushing 124 has an 
vane system 102 is disposed in a compressor section 101 of outer diameter surface 125 operatively connected to case 
gas turbine engine 100 . Vanes 106 are stator vanes and 104 and an inner diameter surface 126 slidingly engaged 

with an outer diameter surface 122 of one of primary project radially inward from case 104 . Those skilled in the 
art will also readily appreciate that variable vane system 102 10 bushings 108 , for relative rotation of primary bushing 108 

with respect to secondary bushing 124 . Outer diameter can be used in any other suitable application . surface 125 of each secondary bushing 124 is press - fit As shown in FIGS . 2 and 3 , each vane 106 includes a within a respective one of a plurality of cavities 128 within respective vane stem 110 operatively connecting an end 112 case 104 . Those skilled in the art will readily appreciate that 
of each vane 106 to case 104 . Vane arms 105 connect each 15 . each 15 secondary bushings 124 can include materials similar to 
respective vane stem 110 to a respective synchronization those described above with respect to primary bushing body 
ring 107 ( sync ring ) . Those skilled in the art will readily 108 . 
appreciate that variable vane system 102 can include mul - With continued reference to FIGS . 3 and 4 , each primary 
tiple stages of variable vanes 106 , each stage with a respec - bushing 108 rotates along with the respective vane stem 110 
tive sync ring 107 , throughout case 104 . Those skilled in the 20 upon actuation from synch ring 107 , described above with 
art will also readily appreciate that variable vanes 106 are respect to FIG . 2 . During rotation of primary bushing 108 , 
driven by sync ring 107 rotating counter - clockwise and outer diameter surface 122 of primary bushing 108 slides 
clockwise and around case 104 , as needed , to adjust the vane against inner diameter surface 126 of secondary bushing 
angle of attack for all of vanes 106 associated with respec - 124 . When primary busing 108 is under this sliding load , 
tive sync ring 107 , e . g . to optimize engine operability . 25 embedded dry material from lubrication source 118 in 

With reference to FIG . 3 , system 102 includes a plurality lubricant apertures 114 will slowly be ground off and 
of bushings 108 . While only one bushing 108 is shown in become tiny particles which serve as a lubrication powder 
FIG . 3 , those skilled in the art will readily appreciate that for the interface between outer diameter surface 122 and 
each vane 106 , e . g . vanes 106 shown in FIG . 1 , has a inner diameter surface 126 . Those skilled in the art will 
respective bushing 108 similar to that shown in FIG . 3 . Each 30 Each 30 readily appreciate that during manufacturing , dry lubrication 

source 118 can be embedded into lubricant apertures 114 in bushing 108 includes a cylindrical bushing body 116 with 
lubricant apertures 114 and a dry lubrication source 118 . liquid form , then dry to form dry lubrication source 118 , for 

example . Each bushing 108 defines a main bushing bore 120 there As shown in FIGS . 4 and 5 , bushing body 116 can also through along a longitudinal axis A . Each bushing 108 is 8 100 15 35 include connecting bores 130 extending from an end surface disposed a respective vane stem 110 , between the vane stem 132 of bushing body 116 in a longitudinal direction with 
110 and case 104 . Inner diameter surface 123 of each respect to longitudinal axis A connecting together at least 
bushing 108 is press - fit around the respective vane stem 110 . two lubricant apertures 114 in a particular axial row of 
Vane stem 110 is disposed within main bushing bore 120 and lubricant apertures 114 . Dry lubrication source 118 is dis 
each bushing 108 is slidingly engaged with case 104 for 40 posed in connecting bores 130 . Connecting bores 130 extend 
relative rotation with respect to case 104 . parallel to longitudinal axis A from end surface 132 of 

With continued reference to FIG . 3 , lubricant apertures bushing body 116 to an opposing end surface 134 of bushing 
114 are defined within bushing body 116 along an angle body 116 . Connecting bores 130 are cylindrical , however 
relative to longitudinal axis A . Dry lubrication source 118 is any other suitable bore cross - sections can be used . 
disposed in each lubricant aperture 114 . Lubricant apertures 45 Those skilled in the art will readily appreciate that con 
114 are disposed on an outer diameter surface 122 of necting bores 130 act as a retention mechanism to ensure 
bushing body 116 , and each extend radially inward from the that lubrication source 118 is secured in lubricant apertures 
outer diameter surface 122 along a respective aperture axis 114 while bushing assembly is being assembled and disas 
B ( only one of which is identified in FIG . 3 for sake of sembled . While connecting bores 130 are shown and 
clarity ) , wherein aperture axis B is normal to outer diameter 50 described herein as each extending from end surface 132 to 
surface 122 of bushing body 116 . Lubricant apertures 114 an opposing end surface 134 , those skilled in the art will 
extend from outer diameter surface 122 of bushing body 116 readily appreciate that connecting bores 130 can stop at any 
to an inner diameter surface 123 of bushing body 11 , e . g . point there between . In addition , while a particular axial row 
into main bushing bore 120 . Outer diameter surface 122 is of lubricant apertures 114 is shown and described herein as 
radially opposed to inner diameter surface 123 across bush - 55 having a single connecting bore 130 connecting all lubricant 
ing body 116 . Lubricant aperture 114 is cylindrical , however apertures 114 in that particular row , those skilled in the art 
any other suitable aperture cross - sections can be used . will readily appreciate that there can be multiple connecting 

While aperture axis B is shown and described herein as bores 130 connecting different lubricant apertures 114 of the 
being normal to outer diameter surface 122 of bushing body same axial row . 
116 , those skilled in the art will readily appreciate that 60 With continued reference to FIGS . 4 and 5 , lubricant 
lubricant apertures 114 can be defined at any suitable angles apertures 114 are arranged in a geometric array on bushing 
with respect to outer diameter surface 122 of bushing body body 116 , namely a staggered geometric array , i . e . where 
116 . Further , while lubricant apertures 114 are described and axial rows of apertures 114 are staggered relative to their 
shown herein as extending from outer diameter surface 122 circumferential adjacent neighboring rows . It is contem 
of bushing body 116 to inner diameter surface 123 of 65 plated that bushing body 116 can include a metallic material , 
bushing body 116 , it is contemplated that lubricant apertures such as nickel and / or cobalt . Those skilled in the art will 
could extend from outer diameter surface 122 of bushing readily appreciate that dry lubrication source 118 can be a 
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polymer material , such as bismaleimide ( BMI ) , epoxy , a 7 . A bushing as recited in claim 1 , wherein the dry 
polyimide , and / or any other suitable polymer . It is also lubrication source includes a dry lubricant material selected 
contemplated that dry lubrication source 118 can be graph from the group consisting of polymer and graphite . 
ite , and / or any other suitable material . Those skilled in the 8 . A variable vane system , comprising : 
art will also readily appreciate that bushing body 108 can 5 a cylindrical case : 
include lubricant apertures 114 arranged in any other suit a plurality of vanes projecting radially inward from the 
able geometric array as needed for a given application . In case , wherein each vane includes a respective vane addition , those skilled in the art will readily appreciate that stem operatively connecting an end of each vane to the bushings 108 can be made with any suitable materials , both case ; and metal and composite . 

Those skilled in the art will readily appreciate that lubri a plurality of bushings , each bushing including : 
cant apertures 114 and dry lubrication source 118 embedded a cylindrical bushing body defining a main bushing 
therein act to minimize bearing stress and reduce wear , as bore therethrough along a longitudinal axis , 

wherein the bushing body includes a lubricant compared with traditional metal bushings . This tends to 
reduce the wear to which traditional high compressive 15 aperture extending radially from the main bushing 
strength metal bushings can be vulnerable , particularly in bore , and the lubricant aperture extends from an 
elevated temperature environments . outer diameter surface of the bushing body and 

into the main bushing bore ; and The methods and systems of the present disclosure , as 
described above and shown in the drawings , provide for a dry lubrication source disposed in the lubricant 
bushings and variable vane systems with superior properties 20 aperture , wherein the bushing body includes at 
including improved wear resistance . While the apparatus least one additional lubricant aperture extending 
and methods of the subject disclosure have been shown and from the outer diameter surface of the bushing 
described with reference to preferred embodiments , those body and into the main bushing bore , wherein 
skilled in the art will readily appreciate that changes and / or each additional lubricant aperture also includes a 
modifications may be made thereto without departing from 25 dry lubrication source disposed therein ; and 
the spirit and scope of the subject disclosure . a connecting bore located within the cylindrical 
What is claimed is : bushing body and spaced from the outer diameter 
1 . A self - lubricating bushing for variable vanes of a gas surface of the bushing body and an inner diameter 

surface of the bushing body , the connecting bore turbine engine , comprising : 
a cylindrical bushing body defining a main bushing bore 30 extending from an end surface of the bushing body 

therethrough along a longitudinal axis , wherein the in a longitudinal direction with respect to the 
bushing body includes a lubricant aperture extending longitudinal axis connecting together the lubricant 
radially from the main bushing bore , and the lubricant aperture and the at least one additional lubricant 
aperture extends from an outer diameter surface of the aperture , wherein one of the plurality of bushings 
bushing body and into the main bushing bore ; is disposed on each one of the respective vane 35 

a dry lubrication source disposed in the lubricant aperture , stems between the vane stem and the case , 
wherein the bushing body includes at least one addi wherein the respective vane stem is disposed 
tional lubricant aperture extending from the outer diam within the respective main bushing bore and 
eter surface of the bushing body and into the main wherein each bushing is slidingly engaged with 
bushing bore , wherein each additional lubricant aper - 40 the case . 
ture also includes a dry lubrication source disposed 9 . A system as recited in claim 8 , wherein the inner 

diameter surface of each bushing is press - fit around one of therein ; and 
a connecting bore located within the cylindrical bushing the respective vane stems . 

10 . A system as recited in claim 8 , further comprising a body and spaced from the outer diameter surface of the 
bushing body and an inner diameter surface of the 45 plus us plurality of secondary bushings , wherein the plurality of 
bushing body , the connecting bore extending from an bushings are a plurality of primary bushings , wherein each 
end surface of the bushing body in a longitudinal secondary bushing has an outer diameter surface operatively 
direction with respect to the longitudinal axis connect connected to the case and an inner diameter surface slidingly 
ing together the lubricant aperture and the at least one engaged with the outer diameter surface of one of the 
additional lubricant aperture . so primary bushings . 

2 . A bushing as recited in claim 1 , wherein the lubricant 11 . A system as recited in claim 10 , wherein the outer 
aperture extends radially inward from the outer diameter diameter surface of each secondary bushing is press - fit 

within a respective one of a plurality of cavities within the surface along an aperture axis , wherein the aperture axis is 
normal to the outer diameter surface of the bushing body . case . 

3 . A bushing as recited in claim 1 , wherein the lubricant 55 12 . A system as recited in claim 8 , wherein the lubricant 
aperture is cylindrical . aperture is disposed on the outer diameter surface of the 

4 . A bushing as recited in claim 1 , wherein the lubricant bushing body . 
aperture and the at least one additional lubricant aperture are 13 . A system as recited in claim 12 , wherein the lubricant 
a plurality of apertures are arranged in a geometric array on aperture extends radially inward from the outer diameter 
the bushing body . surface along an aperture axis , wherein the aperture axis is 

5 . A bushing as recited in claim 4 , wherein the geometric normal to the outer diameter surface of the bushing body . 
array is a staggered geometric array . 14 . A system as recited in claim 8 , wherein the lubricant 

6 . A bushing as recited in claim 1 , wherein the bushing aperture is cylindrical . ap 
body comprises a metallic material . * * * * * 


